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Foreword from General Chair 
 
Assalamualaykum warohmatullahi wabarakatuh and Good Day, Ladies and 
Gentlemen, 
 
In the name of Allah, the Most-Merciful, the All-Compassionate, Praise be 
to Allah, we seek His help and His forgiveness. May He send peace and blessings 
on Prophet Muhammad, his family, his companions and his followers until end of the 
day. 
We would like to welcome all participants from academicians, government, 
and industry to attend the International Conference on Industrial, Electrical and 
Electronics (ICIEE 2018) in Aston Beach Hotel, Anyer, Indonesia. 
ICIEE 2018 is organized by Department of Electrical Engineering, the Universitas 
Sultan Ageng Tirtayasa, supported by FORTEI (Electrical Engineering Higher 
Education Forum of Indonesia). 
This conference is a great event in the field of Industrial, Electrical and 
Electronics. World Class Speakers are scheduled to deliver speech on hot topics in 
industry 4.0 so as it can be beneficial to all delegates. 
On behalf of the organizing committee, I would like to express my sincere 
gratitude and appreciation to all participants for coming down to Anyer Beach to share 
and present your research findings. We are also indebted to all the international 
reviewers for helping us in reviewing all the papers for ensuring high quality of all the 
accepted papers. I would like to thanks all sponsorships for their valuable supports. 
We believe that the conference will be a key stage to improve our research and show 
great development to the world in the field of industrial, electrical, electronics and 
information technology 
I would also like to extend my thanks to all the organizing committee for 
working very hard to make this conference as today and record my personal apology 
for any shortcomings. Any recommendations and suggestions for improvement are 
very much appreciated and most welcome. 
The ICIEE 2018 is one step to reach our vision towards excellent 
department in 2020. I believe this international event is able to encourage our spirit 
to move on a better condition as well as expand our collaboration and networking. 
Anyer beach is the best beach in Banten that is always visited by thousands of 
people every month. We wish you a happy conference and success in Anyer. 
 
Thank you. 
Wassalamualaykum warohmatullahi wabarakatuh 
 
 
Associate Professor 
Dr. Supriyanto, M.Sc., IPM. 
General Chair ICIEE 2018 
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Foreword from Rector of Universitas Sultan 
Ageng Tirtayasa. 
 
Assalamualaykum warohmatullahi wabarakatuh and Good Day, Ladies and 
Gentlemen, 
It is our great pleasure to join and to welcome all participants of the 
International Conference on Industrial, Electrical and Electronics (ICIEE 2018) in 
Anyer, Banten. I am happy to see this great work of the Department of Electrical 
Engineering on organizing this international event. This is noted as the first 
international conference held by department that indexed by Scopus. 
On this occasion, I would like to congratulate all participants for their 
scientific involvement and willingness to share their findings in this conference. I 
believe that this conference can play an important role to encourage and embrace 
cooperative, collaborative and interdisciplinary research among the engineers and 
scientists especially on the theme of industry 4.0. 
I do expect that this kind of similar event will be held in the future by other 
department within UNTIRTA as part of activities in education research and social 
responsibilities of universities, research institutions, and industries internationally. My 
heartful gratitude is dedicated to Organizing Committee members and the students 
of Department of Electrical Engineering for their generous effort and contribution 
toward the success of ICIEE 2018. 
 
 
Thank you. 
Wassalamualaykum warohmatullahi wabarakatuh 
 
 
 
 
 
Prof. Dr. H. Sholeh Hidayat, M.Pd. 
Rector of Universitas Sultan Ageng Tirtayasa. 
Indonesia. 
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International Board and Program Committee 
of the 1st International Conference on Industrial Electrical and 
Electronics (ICIEE), and the 5th National Conference on 
Industrial Electrical and Electronics (NCIEE) 
 
 International Board 
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(Singapore University of Technology and Design, 
Singapore) 
 Dr. Leau Yu Beng 
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(Universitas Mercu Buana, Indonesia) 
 Prof. Ir. Mochamad Ashari, M.Eng., Ph.D. 
(Telkom University, Indonesia) 
 Prof. Dr. Eng. Wisnu Jatmiko S.T., M.Kom. 
(Universitas Indonesia, Indonesia) 
 Prof. Dr. Ir. Bambang Riyanto Trilaksono 
(Institut Teknologi Bandung, Indonesia) 
 Prof. Dr. Adi Suprijanto 
(Institut Teknologi Sepuluh November, Indonesa) 
 Prof. Dr. Wahyu Widada. 
(LAPAN, Indonesia) 
 Prof. Dr. Tumiran 
(Gadjah Mada University, Indonesia) 
 Prof. Dr. Samsir Abduh 
(Universitas Trisakti, Indonesia) 
 Prof. Dr. Ir. Gamantyo Hendrantoro, Ph.D. 
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(Institut Teknologi Sepuluh November, Indonesia) 
 Prof. Ir. Sunarno, M.Eng., Ph.D. 
(Universitas Gadjah Mada, Indonesia) 
 Gunawan Wibisono, M.Sc., Ph.D 
(Universitas Indonesia, Indonesia) 
 Dr. Iznan H. Hasbullah 
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 Dr. Ir. Sholeh Hadi Pramono 
(Universitas Brawijaya, Indonesia) 
 Dr. Ali Hanafiah Rambe, ST., MT. 
(Universitas Sumatera Utara, Indonesia) 
 Dr. Hermawan, DEA. 
(Universitas Diponegoro, Indonesia) 
 Dr. Ir. Yuli Kurnia Ningsih, MT. 
(Universitas Trisakti, Indonesia) 
 Dr. Wahyudi 
(Universitas Diponegoro, Indonesia) 
 Dr. Azlan Osman 
(Universiti Sains Malaysia, Malaysia) 
 Dr. Muhammad Haikal Satria 
(Universiti Teknologi Malaysia, Malaysia) 
 Dr. Arbai Yusuf 
(C-Tech Labs Edwar Technology, Indonesia) 
 Dr. Marlin Baidillah 
(Chiba University, Japan) 
 Dr. Victor Odedo 
(University of Bath, United Kingdom) 
 Dr. Wahyu Susihono 
(Universitas Sultan Ageng Tirtayasa) 
 Dr. Ing. Asep Ridwan 
(Universitas Sultan Ageng Tirtayasa) 
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Organizing Committee 
of the 1st International Conference on Industrial Electrical and 
Electronics (ICIEE), and the 5th National Conference on 
Industrial Electrical and Electronics (NCIEE) 
 
 Honorary Chair
Prof. Dr. H. Sholeh Hidayat, M.Pd. 
Rector – University of Sultan Ageng Tirtayasa 
 
 General Chair
Dr. Ir. Supriyanto, M.Sc., IPM 
Head of Electrical Engineering Department 
 
 Technical Chair
H. M. Hartono, M.T. (ICIEE) 
Heri Haryanto, M.T. (NCIEE) 
 
 Co. Chair
1. Dr.-Ing. M. Iman Santoso, M.Sc. 
2. Dr. Romi Wiryadinata, M.Eng. 
3. Dr. Irma Saraswati, M.T. 
4. Dr. Wahyuni Martinginsih, M.T. 
5. Dr. Alimuddin, M.T. 
 
 Members
1. Ir. Ri Munarto, M.Eng. 
2. Rian Fahrizal, M.Eng. 
3. M. Sadikin, M.T. 
4. M. Otong, M.T. 
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Keynote Speakers 1 
Prof. Dr. Rosni Abdullah 
(Universiti Sains Malaysia, Malaysia) 
 
The opportunities and challenges of industry 4.0 
 
Abstract 
The Internet of Things (IoT) has not only revolutionised 
business processes, but has strong potential to profoundly 
impact the life of many citizens. Many sectors such as 
healthcare, transportation and manufacturing 
among others, are starting or have started to adopt loT by connecting devices and 
creating innovation in the respective sectors. One sector that will particularly benefit 
is the industrial sector. In Industry 4.0, the connected ecosystem of the IoT, will 
provide manufacturers and consumers increased automation, improved 
communication and monitoring, along with self-diagnosis and new levels of analysis 
to improve productivity. This talk will introduce the framework of IoT in the context of 
industry 4.0 and explore the opportunities and challenges that lay ahead. 
 
 
 
Keynote Speakers 2 
Prof.Dr.Yilmaz Uygun, M.Sc. (Dept. Mathematics & 
Logistics, Jacob Univ. Bremen, Germany) 
 
Human Resources Requirements for Industry 4.0 
 
Abstract 
Industry 4.0 is currently changing industrialized countries´ 
economies. Previously uncoupled items will connect to 
each other to develop self-controlled production systems by 
using the latest software and hardware in information and 
communication technology. This rapidly increasing 
technologies not only have the potential to substitute 
repetitive jobs but also pose a threat to more sophisticated 
ones. Against the backdrop of this, important questions arise which will be addressed 
with this speech; such as the type of jobs that are affected, the qualifications and skill 
sets that are needed in Industry 4.0. Other specific queries that appear are; type 
machines/robots that will be dominant, the policy taken in the factory, new 
communication of work (e.g., man-machine interaction) and the operating procedure 
for the machines. All of these terms should be addressed and mapped  based  on  
the  locus  of  the  industries  which  vary  depending  on  their 
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technological maturity level. Afterwards, set of cognitive readiness competencies 
should be prepared. Finally, the relevant vocational educations, trainings and 
certifications can be derived from those set of competencies. 
 
 
Keynote Speakers 3 
Prof. Poki Chen (National Taiwan University of Science 
and Technology, Taiwan) 
 
Abstract 
Industrial production is one of the key competitions among 
global players. After Industry 4.0 introduced by German 
government, most of the international big players invest 
tons of money to offer their production system more 
flexibility, faster adaptationforboth individualizedand 
customized products through digitalization and new 
technologies. For implementation, Industry 4.0 needs 
decentralized control and advanced connectivity to collect 
and exchange real-time information 
for production processesoptimization.Expected as the newest industrial revolution, it 
opens a huge market for both software and hardware engineers. To generate big 
enough data for optimizing the production automation, it needs a lot of sensors to 
identify, locate, track and monitor the equipment and the products. To connect all the 
machines, products and factories, a market booming for sensors not only can be 
expected but also is already undergoing.In this speech, feasible solutions for Industry 
4.0 from micro-scale MEMS (Micro Electro Mechanical System)accelerometers, 
humidity, pressure,acoustic,gas sensors all the way to nano-scale image, 
illumination, position and temperature sensors will be  highlighted to point out the 
possible ways for both research and commercialization. 
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Abstract
 
Auto-tuning relay feedback is one of the control techniques, which is used to solve 
the non-linear, long delay time, and disturbance’s problems. This control technique 
is the development of Ziegler-Nichols that can be done automatically without doing 
system modeling. In this paper, auto-tuning relay feedback is used in the control 
system response to optimization of Shell Heavy Oil Fractionator (SHOF) system so 
the output of product composition as expected. SHOF is a distillation column type 
used to separate crude oil into desired products based on the difference in the 
boiling point of each product. PI regulators of relay feedback are used to control the 
valves on the SHOF with three inputs and three outputs that has been decoupled. 
Based on the tests, the average values of IAE at top end point composition (Y1) 
obtained with disturbance and no disturbance are 83.17 and 10.933, respectively. 
At the side end point composition (Y2), the average values of IAE with disturbance 
and no disturbance are obtained respectively, 336.38 and 42.3467. The average 
values of IAE at bottom reflux temperature (Y3) with disturbance and no 
disturbance are obtained 0.15 and 0.13, respectively. 
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Abstract. Auto-tuning relay feedback is one of the control techniques, 
which is used to solve the non-linear, long delay time, and disturbance’s 
problems. This control technique is the development of Ziegler-Nichols 
that can be done automatically without doing system modeling. In this 
paper, auto-tuning relay feedback is used in the control system response to 
optimization of Shell Heavy Oil Fractionator (SHOF) system so the output 
of product composition as expected. SHOF is a distillation column type 
used to separate crude oil into desired products based on the difference in 
the boiling point of each product. PI regulators of relay feedback are used 
to control the valves on the SHOF with three inputs and three outputs that 
has been decoupled. Based on the tests, the average values of IAE at top 
end point composition (Y1) obtained with disturbance and no disturbance 
are 83.17 and 10.933, respectively. At the side end point composition (Y2), 
the average values of IAE with disturbance and no disturbance are 
obtained respectively, 336.38 and 42.3467. The average values of IAE at 
bottom reflux temperature (Y3) with disturbance and no disturbance are 
obtained 0.15 and 0.13, respectively.  
1 Introduction 
Shell Heavy Oil Fractionator (SHOF) is a of distillation column type used to separate 
crude oil into desired products based on the difference in the boiling point of each 
product[1, 2]. The design of control on SHOF has several constraints, it caused by non-
linearity of the process, multivariable interactions, long dead time, and disturbances. 
It needs a control method that is able to the control system response to optimization 
of SHOF system so the output of product composition as expected.  
Previous research that relating to the control of SHOF is suggested that the combination 
of Subspace Identification Method (SIM). The Multivariable Output Error State Space 
(MOESP) method is adopted in SIM. This SIM-based double-layered is illustrated through 
an example of the heavy oil fractionator model[3]. Chunqing Huang and Shifu Chen used 
performance assessment of multi input multi output (MIMO) systems in the presence of 
plant uncertainty. It shows that only delay matrix is required, and the benchmark is 
obtained without any knowledge of interact matrix or Markov parameter matrices when 
condition regarding the delay matrix is satisfied. Effectiveness of this technique is 
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demonstrated by the SHOF gain is uncertain[4]. Relay feedback that illustrated using the 
Ogunnaike Ray (OR) distillation column model is carried out on MIMO system. The model 
parameters thus obtained can be used to develop model based control schemes[5]. Auto-
tuning relay feedback based design of fractional order PI controller for 2-by-2 MIMO 
system is performed on a Wood and Berry (WB) distillation column. The performance was 
measured by using Integral of Time and Absolute Error (ITAE)[6]. 
This paper proposed design of auto-tuning PI controller using Ziegler-Nichols 
method with signal input in fixed frequency and variable amplitude. The outputs 
which controlled are top end point composition (Y1) and side end point composition 
(Y2) of SHOF. The performance from the system was measured by using Integral 
Absolute Error (IAE). 
2 Methodology 
2.1 Auto-tuning relay feedback controller 
The relay feedback auto-tuning method is the development of the second tuning method of 
Ziegler-Nichols, which uses the proportional gain value as the ultimate gain to obtain the 
oscillation graph output constantly replaced by ultimate gain value Ku using relay. The 
block diagram of auto-tuning relay feedback as a control system is shown in Figure 1[7]. 
 
 
Fig. 1. Block diagram of auto-tuning relay feedback. 
 
The basic principle of this method is the limitation period value of the oscillation 
process. It is controlled using a closed-loop method with a relay as a control system. The 
input and output signal obtained with the control signal (u) is shown in Figure 2[7]. 
 
Fig. 2. Input and output of  relay feedback system. 
 
The input to the process G(s) is a square wave with the amplitude h and frequency ωu. The 
output is a sinusoidal with the amplitude 4d/ . Relation of the input and output of the 
process is shown in equation 1. 
   
  
 
|      |       (1) 
In order to have an oscillation, the fundamental component of the input and the output must 
be have the opposite phase. The conditions for oscillation are here, 
                   (2) 
|      |  
  
  
 
 
  
      (3) 
where Ku is called the ultimate gain and can be regarded as the equivalent gain of the relay 
for transmission of sinusoidal signals with amplitude a and Tu is similarly called the 
ultimate period. The calculation of the PID control parameter with relay feedback is 
determined by the ultimate period and the ultimate gain as shown in Table 1[8].  
Table 1.  Ziegler-Nichols PID parameter according to the ultimate point. 
Controller Kp Ti Td 
P 0.5 Ku - - 
PI 0.4 Ku 0.8 Tu - 
PID 0.6 Ku 0.5 Tu 0.12 Tu 
2.2 Shell heavy oil fractionator 
The heavy oil fractionator is characterized by three outcomes draws and three sides 
circulating loops as shown in Figure 3[2]. 
 
Fig.3. Shell heavy oil fractionator. 
The transfer function of SHOF plant is shown in equation (4)[1,2]. SHOF is a multivariable 
system with three inputs and three outputs (MIMO). Interaction between subsystems is 
reduced by applying the method of Relative Gain Array (RGA) and decoupling, so the 
system can be transformed into three Single Input Single Output (SISO). 
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The RGA was used to determine the best input manipulative–output controller pairing and 
can be calculated from the expression here [9] 
               
         (5) 
where  denotes the Schur product (element by element multiplication): 
                     (6) 
The value of RGA that obtained with equation (5) and determinate pairing rule, with the 
paired elements along the diagonal and avoid pairings that correspond to negative steady-
state RGA-elements[10], so can be determined the controlled output pair of the best 
manipulative input for multivariable control leads to a so-called dominant interaction 
strategy[11].  
2.3 Design of auto-tuning relay feedback Ziegler Nichols 
Design of auto-tuning relay feedback method has two steps. Step one, make the SHOF 
system on top end point composition (Y1) and side end point composition (Y2) in close loop 
circuit using relay. The magnitude of the relay is added from 0 until a critical magnitude 
relay is obtained to get a graph of the constant of amplitude and the period oscillation ouput 
process. The graph of each output can be seen in Figure 4. 
 
  
(a). output Y1 (b). output Y2 
Fig.  4.  Magnitude and period oscillation relay feedback. 
 
Based on Figure 4, the values of h, a and Tu at top end point composition (Y1) are 
respectively        ,           , and 80.85305 also the values of side end point 
composition (Y2) the values of h, a, and Tu is     
  ,            , and 50.3283 
respectively. Step two, looking for the values of Ku, Kp, and Ki. Ku is obtained by using 
equation (3), while Kp and Ki using the equation PI Ziegler Nichols in Table 1.  
3 Result 
3.1 The response without disturbance 
The set point of top end point composition (Y1) increase test from 0.0 to +0.5; response 
system is shown in Figure 5. Figure 5a shows that auto-tuning relay feedback Ziegler-
Nichols controller is capable to reach set point value and steady state of top end point 
composition (Y1) and capable to maintain the initial set point value of side end point 
composition (Y2), also PI controller is capable to maintain the initial set point value of 
bottom reflux temperature (Y3). Based on Figure 5b, flow rate on top draw     , side draw 
    , and bottom reflux duty      gave a graph result are within high and low limits of 0.5 
and -0.5. The IAE value in this test is obtained by auto-tuning relay feedback Ziegler 
Nichols controller at top end point composition (Y1), and side end point composition (Y2) 
with 31.06 and 6.13, respectively and by PI controller at bottom reflux temperature (Y3) 
with 0.04. 
The set point of side end point composition (Y2) is the increase test from 0.0 to +0.5; 
response system is viewed in Figure 6. Auto-tuning relay feedback Ziegler-Nichols 
controller is capable to reach set point value and steady state of side end point composition 
(Y2) and capableto maintain the initial set point value of top end point composition (Y1). 
Flow rate on top draw     , side draw     , and bottom reflux duty      gave a graph 
result are within high and low limits of 0.5 and -0.5. The IAE value in this test is obtained 
by auto-tuning relay feedback Ziegler Nichols controller at top end point composition (Y1), 
and side end point composition (Y2) with 1.22 and 100.47, and by PI controller at bottom 
reflux temperature (Y3)with 0.06. 
  
(a). Output SHOF response (b). Input SHOF response 
Fig.  5.  SHOF response to the increase of top end point composition (Y1) +0.5 
 
  
(a). Output SHOF response. (b). Input SHOF response 
Fig. 6. SHOF response to the increase of side end point composition (Y2) +0.5 
 
3.2 The response with disturbance 
The step input and output of intermediate reflux duty (d1) and upper reflux duty (d2) by 
+0.5 are shown in Figure 7.  
 
 
(a). Output SHOF response  (b). Input SHOF response 
Fig. 7. SHOF response with input disturbance +0.5. 
 
PI controller is capable to eliminate the disturbance which is the step input of intermediate 
reflux duty (d1) and upper reflux duty (d2) by +0.5 and capable to maintain the initial set 
point value and the initial steady-state condition of each product composition (Y1,Y2, and 
Y3). The IAE value in this test is obtained by auto-tuning relay feedback Ziegler-Nichols 
controller at top end point composition (Y1), and side end point composition (Y2) with 
83.17 and 336.38 respectively, and by PI controller at bottom reflux temperature (Y3) with 
0.15. 
4 Conclusion 
Based on all test results, the auto-tuning relay feedback controller using Ziegler-Nichols 
tuning method was able to eliminate the disturbance in the Shell heavy oil fractionator and 
able to control the system to maintain initial set point value and initial steady-state 
condition as well as achieving new set point value and new steady-state condition. The 
average IAE value with auto-tuning relay feedback controller at top end point composition 
(Y1) obtained with disturbance and no disturbance of 83.17 and 10.933, at side end point 
composition (Y2) obtained with disturbance and no disturbance of 336.38 and 42.3467, and 
with PI controller at bottom reflux temperature (Y3) obtained with disturbance and no 
disturbance of 0.15 and 0.13. 
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Abstract. Internet addiction is becoming a growing phenomenon across 
the world due to the tendency of Internet overuse for varied reasons. The 
objective of this study is to identify the extent of Internet use and level of 
addiction among teenagers with the age ranging from 13 to 17 years old. 
This also include the risk factor and impact to their social life. The sample 
data were taken from several schools covering 500 students from the state 
of Selangor in Malaysia. The survey was done using an instrument from 
Internet Addiction Test (IAT) developed by Dr. Kimberly Young. This test 
had been modified to meet the requirements of the youngster’s mind-set in 
Malaysia. Demographics factors such as age, gender and race were 
examined apart from family and personal factors. The results of the study 
and Chi-square test summarizes that the level of internet addiction among 
teenagers in Selangor is p = 0.161 and tends to be minimal. We need to be 
aware of the level of Internet usage by teenagers so that measures could be 
made in place to deter or mitigate Internet addiction.  
1 Introduction  
The Internet since its inception for public use in the late 1980s has grown exponentially 
connecting people globally turning the world in to a global village. The Internet has become 
an essential part of our life. It cuts across geographical boundaries facilitating new 
opportunities, and learn new things faster. Today, the Internet has led to many disruptive 
innovations, disruptive business, and has grown in to one of the biggest economy in the 
world. Today, the Internet has become an integral part of everyday life especially among 
the teenagers. 
Table 1 shows the world Internet usage statistics where, Asia tops the list in terms of 
highest number of Internet users with an Internet penetration rate of 48.1%. Malaysia has 
an Internet penetration of 78.3% with 68.7% penetration in terms of Facebook subscribers 
as of 31 December 2017 [2]. This statistics shows that Malaysia is one of the countries in 
Asia with a very high Internet penetration rate and substantially high number of users active 
on social media.  
                                                 
*
 Corresponding author: rajakumar.murugesan@taylors.edu.my 
 Implementation of TaLis and DC House System 
for Rural Areas in Indonesia 
Dwi Riana Aryani
1
 , Faiz Hunsnayain
1
, Andres Pramana Edward
1
, 
 
Hwachang Song
2
, 
Yoyok Dwi Setyo Pambudi
1
, Anne Zulfia
3,4
, and Chairul Hudaya
1,4*
 
1Dept. of Electrical Engineering, Universitas Indonesia, Depok, Jawa Barat, 16424, Indonesia 
2Dept. of Electrical and Information Engineering, Seoul National University of Science and 
Technology, 232 Gongneung-ro, Nowon-gu, Seoul, 01811, Republic of Korea 
3Dept. of Metallurgy and Materials Engineering, Universitas Indonesia, Depok, Jawa Barat, 16424, 
Indonesia 
4Energy System Engineering, Faculty of Engineering, Universitas Indonesia, Depok, Jawa Barat, 
16424, Indonesia 
Abstract. In 2017, the aggregate electrification ratio in Indonesia has 
been achieving 92.8%. However, some rural areas such as in Maluku and 
Papua Islands still have low electrification ratio (~70%). One of the main 
problems in supplying electricity to rural areas in Indonesia is the 
geographical concern which consisted of islands leading to the difficulty of 
electricity grid development. In some areas, diesel power plant has been 
being built to supply the electricity. However, it causes another problem to 
transport the primary energy source to the targeted area which would 
increase the cost of electricity supply. Besides, it also needs investment 
cost to build transmission and distribution systems, as well as the 
maintenance expenses. To resolve this issue, a new scheme of battery-
based Tabung Listrik or TaLis (DC-based power bank) and DC house 
system is proposed to be the solution to provide electricity to rural areas. 
The potential of local renewable energy sources such as biomass, hydro, 
wind, and solar could be utilized to be charging sources of batteries 
(TaLis). This study presents the TaLis prototype, DC house installation, 
supply chain process and charging scheme of TaLis, and cost comparison 
between the proposed system with other existing power systems such as 
communal PV farm and diesel power plant. We found that TaLis and DC 
house system provided the least cost of electricity production compared to 
other power systems, i.e. $0.88/kWh for TaLis and DC house system, 
$1.65/kWh for diesel power plant, and $1.47/kWh for communal PV farm. 
Implementation of this approach is expected to improve the welfare and 
quality of life of rural communities immediately. 
1 Introduction 
Conventional electric grids generate electricity using generators in alternating current (AC) 
form. In order to deliver electricity from power plants to consumers, transmission and 
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 Influence of sheath gas flow rate in Ar induction
thermal plasma with Ti powder injection on the 
plasma temperature by numerical calculation 
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1Division of Electrical Engineering and Computer Science, Kanazawa University, Japan.         
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Abstract. Numerical calculation was conducted to study the gas flow 
fields and temperature distribution in Ar inductively couple thermal plasma 
(ICTP) with titanium (Ti) powder injection. Influence of sheath gas flow 
rates at 90 L/min, 80 L/min and 70 L/min was investigated on the thermal 
plasma temperature in the torch. Results indicated that higher sheath gas 
flow rate raises the axial temperature and gas flow velocity in the thermal 
plasma 
1 Introduction  
Inductively coupled thermal plasma (ICTP) in high-pressure and high-power has been 
widely used for different materials processing such as nanoparticle synthesis [1], thermal 
barrier coatings [2], fabrication of diamond films [3], surface modification [4], synthesis of 
fullerene [5]. The ICTP can be an adequate chemical and heat source to different materials 
processing with little contamination. The ICTP often have high gas temperature and high 
enthalpy, which can be adequate to evaporate solid feedstock in materials processing. In 
case of nanoparticle synthesis, the ICTP gives one-step direct processing with rapid 
evaporation of injected feedstock using the above high gas temperature and high enthalpy. 
In addition, the ICTP offers rapid cooling of evaporated materials because of high 
temperature gradient in the downstream portion of the ICTP. This rapid cooling of the 
evaporated material can enhance nucleation and produce nanoparticles.  
The ICTP is usually sustained with sheath gas along the inner plasma torch. The sheath 
gas is used to supply the plasma gas itself and also to prevent the plasma from contacting 
the plasma torch from the thermal damage of the torch. It is well known that this sheath gas 
influence the generation of the ICTP itself, and the temperature and gas flow fields in the 
ICTP. However, it is not yet enough understood to study the influence of sheath gas flow 
rate on the temperature field in the ICTP and also on the evaporation rate of feedstock 
power injected into the ICTP.  
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